This study was done to evaluate the safety and health value of five meals formulated for school children. The constituents used for formulation of these meals were a group of vegetables and legumes such as spinach, cauliflower, carrot, tomato, germinated broad beans, soybean, chickpea, peanut, sesame in addition to whey protein and wheat germ. The evaluation was done through a feeding experiment using rats. Growth parameters such as body weight, and food efficiency ratio proved the high nutritional value of these meals. Assessment of organs function showed that no change in the activities of AST, ALT and γ Glutamyl Transpeptidase occurred indicating normal liver function. The parameters of the kidney function namely the concentration of plasma uric acid, urea and creatinine were all having normal values indicating normal kidney function. The oxidation state of the body is in the positive state with normal activity of each of the antioxidant enzymes superoxide dismutase and glutathione peroxidase together with low value of plasma malondialdhyde. Rats fed on each of these meals had higher plasma total cholesterol, LDL, HDL and normal triglycerides. The significance of these findings was discussed the conclusion is that these meals are of high nutritional value, safe with regard to the liver and kidney functions, promote antioxidant defense against free radicals and with no serious hazards regarding lipid disorders. This makes such meals worth to be consumed by children alternate to fast food that can exert health problems.
INTRODUCTION:
Correlations have been established between a high intake of vegetables and a reduced risk of noncommunicable chronic diseases (World Cancer Research, 2007; World Health Organization, 2003) . Phytochemicals present in food such as flavonoids (Clifford and Brown, 2006) , Glucosinolates (Shapiro, et al., 1998) , carotenoids (Klipstein, et al., 2000) , fructo-oligosaccharides (Tomomatsu, 1994) , Isothiocyanates (Stuimetz and Potter, 1996) , phytoesterogen (Herman et al., 1995) , phytosterols (Awad and Fink,2000) , sulphides and Thiol (ChengMing et al., 2009) were all reported to have health value starting from being anti-inflammatory to anti carcinogenic. This makes it sensible to use these food sources which are rich in compounds with health value to prepare meals particularly for children who are growing and are in need to protection against diseases. Vegetables such as spinach and cauliflower were reported to contain considerable amounts and varieties of compounds with health value (Podsedck, 2000 and Edenharder, et al, 2002) . Germinated broad beans, soybean, chickpea, wheat germ and whey proteins are food items reported to be of high nutritional and heath values (Makri, et al., 2005 , Madureira, et al., 2007 , Roy, et al., 2010 , Pal, et al., 2010 . A general observation is that a large number of children are usually attracted to snacks of poor nutritional health value. In order to counteract this trend, healthy food types have to be made available in the market. It is reasonable to direct the trial towards the target population mainly the school children.
In Egypt the school feeding program adopted by the ministry of education depends mainly on one type of meal offered in the form of biscuit. It is important from time to time to develop new forms of meals with different taste and type to attract the children. Also to make use of the health value of different phytochemicals by including food sources rich in these compounds in the formulated meals. A highly nutritional meal with health value will promote growth of children and protect them from diseases. This is important since nutritional survey done by different institutes in the country point to the prevalence of several health problems that are the outcome of nutritional inadequacy. Stunting among pre-school aged children reaches 17.6% meaning a moderate degree of zinc deficiency. Hassan, et al (2004) found that 9% of adolescents and 6% of adults have low serum zinc level. The same study reported selenium deficiency reaching 13.8 % among boys, 6.6% among girls. Anemia due to iron deficiency is prevalent among children and adolescents reaching an incidence rate up to 30 % (EDHS, 2000) .
In a previous study, (Seham, et al, 2011) , it was possible to formulate and produce five meals from ingredients with high nutritional and health value. The produced meals were made in an attractive and palatable form as evidenced from the sensory evaluation by panel testing. These meals were made to be admitted to school children through a school feeding program to support their nutritional and health state. The present investigation was made to assess the nutritional and health value of these meals expressed by their effect on lipid pattern, oxidation state and organs (liver and kidney) function.
MATERIALS AND METHODS
The ingredients used to prepare the meals were, vegetables such as spinach (Spinacia oleracea), cauliflower (Brassica oleracea), tomato (Solanum lycopersicum), carrot (Daucus carota,), and legumes such as brood beans (Vicia faba), soybean concentrate (95% protein), chickpea (Cieev arietivum), peanut (Arachis hypogaea), sesame (Sesamum indicum) and dried dates (Phoenix dactylifera). These were purchased from the local market. Wheat flour (72% extraction), sucrose and plant oil (corn oil) were also obtained from the local market. Wheat germ was obtained from North Cairo Flour Mills Company, Cairo, Egypt and whey protein concentrate from Biopharma Company (Cairo, Egypt). The vitamin and salts used in the feeding experiment were obtained from El-Goumhoria Company for Chemicals, Cairo. Egypt. Animals used in the study were from the Animal Breading Center of the NRC. Egypt. The animals were white Albino rats of the Sprague Dawley strain. Kits used for biochemical analysis were obtained from Stanbio Laboratory (Texas-USA).
Animal experiment:
The evaluation of the nutritional and health value of the prepared meals was done on white albino rats, of body weight range 62-8 g and included both sexes. The rats were divided into 6 groups each comprised 6 rats. The mean body weight of groups ranged between 79.0 to 79.8 g. One of these groups was fed on a standard control diet (table1), served as control for comparison. The other groups, each was fed on one of the five meals, the composition of each is shown in table 2. Food and water were allowed to all rats ad-libitum. Animals were housed individually in stainless steel cages, kept in a temperature controlled room at 25ºC. The daily food intake was calculated, the gain in body weight was measured by weighing the animals twice a week. The feeding experiment lasted for 8 weeks. The control diet content according to AOAC, (2000).
* Salt mixture and vitamin mixture according to Reeves et al., 1993. At the end of the feeding experiment, rats were weighed, fasted over night, and then blood was withdrawn by heart puncture under slight diethyl ether anesthesia. The blood sample was divided in 2 sample tubes, containing heparin, one for blood and the other for separation of plasma. The organs namely the liver and spleen were separated, plotted between 2 sheets of filter paper then weighed.
The biochemical parameters measured to assess the organs and other metabolic functions were as follows. Aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ GT) to measure liver function, were determined according to Friedman, et al., (1980) Szasz (1969) , respectively. Uric acid, urea and creatinine to assess kidney function, determined according to Barham and Trinder (1972) , Patton and Crouch (1977) and Larsen (1972) respectively.
The oxidation state of the body was measured by determining the activities of super oxide dismutase (SOD), catalase, glutathione peroxidase (GPX) and malondialdehyde. They were determined according to the procedure described in Roth and Gilbert (1984) , Aebi (1984) , Kraus and Ganther (1980) and Ohkawa (1979) respectively.
Lipid parameters including total lipid, total cholesterol, triglycerides, high and low density lipoprotein were measured to assess the effect of these meals on protection against atherosclerosis. Measurements were done according to the methods of Draven and Schmite, (1964) , Richmond (1973) , Fossati and Prencipe (1982) ; Lopez-Virella, et al (1977) , Assmann,et al., (1984) , respectively. The blood hemoglobin was measured according to the method of Hyvarinen and Nikkila, (1962) . Table ( 2): Type and the amount of food ingredients used in the formulation of the meals (g/100g diet).
RESULTS

Body and organs weights:
There was a significant increase in body weight and organs weights of rats fed on the prepared meals relative to control rats.
Liver function: The activities of the liver enzymes AST, ALT and γ GT are shown in table (3). The values reported to the control rats for the activities of these enzymes were 52.7± 4, 29.5± 1.5 and 21.0± IU/ml. Values reported for rats fed on each of the formulated meals were more or less similar except for a significant increase in the activity of ALT in rats fed on the skimmed milk meal (Group 5), and of γ GT in rats fed on spinach meal (Group 3). A significant decease in the activity of the enzyme γ GT was reported in rats of groups 4 & 6 fed on either the cauliflower or the skimmed milk containing meals. (5), there was a significant rise in the activity of SOD in groups fed on the formulated meals. This was associated with a rise in the activity of catalase, however it was not significant except for rats in group 6 fed on the skimmed milk diet. The activity of GPX was not significantly affected, except for a significant drop in the group fed on the germinated broad bean (group 2), the activity was 1061.1± 32.4 relative to a value of 1168.8± 38.7 mU/ml. for controls.
Lipid pattern: As shown in table (6), the plasma total lipids of rats fed on the formulated meals were significantly higher than that of control rats fed on standard diet. The total plasma cholesterol was also higher, but the rise was significant in rats of groups 3 & 6 fed on the spinach or the skimmed milk diets. The values reported were 106 ±5.9 for G3 and 109.1±1.9 for G6 compared to a control value of 60.1± 17 mg/dl. 
DISCUSSION
The studied meals were formulated and produced to provide school children with the necessary nutrients that help to satisfy part of their nutritional requirements and correct any possible deficiency that may exist particularly among low socioeconomic standard children. They can be offered to children in high socioeconomic standard schools as a substitute to fast food that attracts the attention of pupils, in spite of its low nutritional and health value. It was planned to include food sources that can provide the meal with the essential nutrients and compounds that can be of health value.
The methods of preparation and processing of these meals together with the results of panel testing and nutritional evaluation was previously published (Seham, et al., 2011) .
The meals under investigation, each are characterized by certain nutritional or health advantage. Meal No. 2 contains the germinated broad bean. The seed has a good nutritional value associated with its high protein content reaching about 25-30 %. More over, it contains bioactive substances including phenol compounds that exert metabolic effect in human and animals. Germination is a simple and inexpensive treatment that naturally increases digestibility of the protein and decreases anti-nutritional factors such as phytates and trapsin inhibitors (Jezierny, 2010) . Meal No.3 contains spinach, which has a high nutritional value and is extremely rich in antioxidants. It is a rich source of pro-vitamin A, C, E, K, Mg, folate, Fe, Ca, P, Se and omega 3 fatty acids (Manach, et al.,2004 and Ball 2006) .
Cauliflower is a constituent in meal No. 4. It is an excellent source of protein, cellulose, hemi cellulose (Stojceska, et al., 2008) . It is rich in dietary fiber and possesses both antioxidant and anticarcinogenic properties (Podsedek, 2007) .
Meal No. 5, contain dried dates which was reported to maintain muscle contraction and smooth functioning of the heart muscle due to the presence of potassium (Habib and Ibrahim 2009) . Also, maintain healthy nervous system and satisfactory bone development (Al Qarawi, et al., 2008; ElSohaimy and Hafez 2010) . Important vitamins like pro-A and B-complex help fight off many infections to maintain and develop a healthy body (Al Farsi and Lee 2008) . A regular consumption of dates inhibits the growth of pathological organisms and promotes friendly bacteria (Al Qarawi, et al., 2003) .
In addition to this, some of these formulae 4 & 5 contain whey protein which has a high level of essential and branched chain amino acids like leucine and cysteine which help maintain muscle tissues and protein synthesis by the body (Ha and Zemel 2003; Pal, et al., 2010 ) . Cysteine is essential for the production of glutathione known to have antioxidant and anticancer properties (Madureira, et al., 2007) .
Wheat germ is very rich in the most potent antioxidant vitamin E (Rizzello, et al., 2010) .
Based on the aforementioned information, it is expected that these meals realize a good nutritional and health value to consumers. As evidenced in the previous publication (Seham, et al., 2011) a better growth relative to controls was realized in rats fed on either of these meals. In addition, it was necessary to insure how far consumption of these meals would affect the different organs in the body. As shown in table (3), the data representing the activities of the enzymes AST, ALT and γ GT of most groups of animals fed on each of these meals did not significantly differ from the values obtained for controls. This means that they are still within normal which indicates a healthy liver without a hazardous effect from the diet. The exception to this was a significant drop in the activities of γ GT in groups 4 & 6 fed on either the cauliflower or the skimmed milk meal which may indicate a slight slow down in protein synthesis.
The parameters reflecting the kidney function, namely plasma uric acid; urea and creatinine were in most groups within normal control values. This also means a normal healthy kidney function without any adverse effect of the consumed meals. In some cases even lower values than control were found which does not represent any health hazards.
The significant increase in the activity of the antioxidant enzyme SOD in the groups fed on each of the formulated meals show that the body is still able to synthesize this enzyme and that the mechanism of antioxidant protection is functioning efficiently. This may be further evidenced from the more or less normal activity of GPs. The level of the oxidation product represented by the concentration of blood malondialdehyde is lower in case of rats in groups 2 & 6 fed on either the germinated broad beans or the skimmed milk meals. It is not significantly changed in other groups. This shows that the oxidation state in the body of these rats fed on the different formulated meals is positive. As previously shown these meals contain appreciable types and quantities of different natural antioxidant compounds that could protect against oxidation by free radicals and hence less oxidation products.
The rats fed on any of the formulated meals have higher plasma total lipids and cholesterol than that of control rats fed on the standard diet. This is expected, since the fat content of the formulated meals is higher than that of the standard diet for rats. The standard control diet was formulated according to AIN-93G (Reeves, et al., 1993) with that level of fat that is suitable for rodents not for humans. The adequate fat content in human ranges between 15 -20 %. This is important to provide the child with the necessary fat soluble vitamins such as A, E, D, and K , also to provide them with the essential fatty acids such as linoleic, linolenic, and archidonic that can satisfy these requirements for different metabolic functions (Bhagavan, 2002) .
In spite of the increase of plasma total lipids and cholesterol, yet there was no increase in triglyceride, the values obtained were even lower than the control values particularly for rats fed on meals 5 & 6 containing dates or skimmed milk. In the same time, there was no drop in the level of high density lipoprotein cholesterol, the level was more or less not changed. Both of these findings are positive signs indicating that the increased fat and cholesterol are not hazardous to health particularly that the concentration of the oxidation product represented by blood malondialdehyde level was not increased. The ratio of LDL/HDL was increased in response to the high low density lipoprotein.
The blood hemoglobin concentration of rats fed on either of the formulated meals was more or less within the normal level. This indicates that these meals have no reverse effect on iron absorption or globin synthesis and formation of hemoglobin.
In conclusion, this study proves that the five meals formulated from the selected food sources are of good nutritional value evidenced by higher rate of growth. They exert no harmful effect on either the liver or the kidney as evidenced from liver and kidney functions. They may increase blood cholesterol in rats but expected to be safe for humans. These meals participate in promoting the antioxidant power in the body that protect from free radical damage. Also they do not affect hemoglobin synthesis. Based on this, they can be offered safety to school children to benefit from their high nutritional and health value.
